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Effects of hemodialysis on protein-bound calcium. This study
evaluates whether hemodialysis alters the affinity of plasma pro-
teins for calcium. We have used a new automated methodology
for the determination of the dialyzable calcium fraction. Protein-
bound calcium was estimated as the difference between the total
and dialyzable calcium fractions. All measurements were made
after adjustment of the sample pH to 7.40 0.02. The calcium
fractions were determined in 12 patients before and after hemo-
dialysis. In addition, we added calcium to the predialysis speci-
mens to evaluate the effect of increased ionic calcium on protein
binding and corrected the protein-bound calcium in these speci-
mens for the increase in total protein observed in the postdialysis
specimens. Hemodialysis significantly increased total, dialy-
zable, and protein-bound calcium. The mean ratio of protein-
bound calcium in the postdialysis specimens to the corrected
protein-bound calcium in the predialysis specimens with calcium
added was 0.97 0.02. We conclude that (I) the increase in pro-
tein-bound calcium associated with hemodialysis can be repro-
duced by adding calcium to the predialysis specimens, and that
(2) the binding aflinity of serum proteins for calcium is not altered
by hemodialysis.
Effets de l'hemodialyse sur Ia liaison du calcium aux protéines.
Ce travail recherche une éventuelle modification par l'hémo-
dialyse de l'affinitë des proteines plasmatiques pour le calcium.
Nous avons employe une nouvelle mdthode automatique pour
Ia determination de Ia fraction dialysable du calcium. Le
calcium lie aux protéines a etC calculC par difference entre le
calcium total et le calcium dialysable. Toutes les mesures ont été
faites après equilibration des echantillons a pH 7,40 0,02. Les
fractions du calcium ont etc determinees chez 12 malades avant
et après hemodialyse. De plus nous avons ajoutC du calcium aux
echantillons preleves avant La dialyse pour mesurer l'effet de
laugmentation du calcium ionise sur Ia liaison proteique et pou-
voir introduire une correction, pour ces échantillons, qui tienne
compte de l'augmentation de Ia concentration des proteines
observee dans les echantillons preleves apres dialyse. L'hémo-
dialyse augmente significativement Ic calcium total, dialysable
et lie aux proteines. Le rapport moyen du calcium lie aux pro-
teines dans l'echantillon post-dialyse a Ia valeur corrigee dans
l'echantillon predialyse additionne en calcium est de 0,97
0,02. Nous concluons que: (1) l'augmentation du calcium lie aux
proteines consecutive a l'hemodialyse peut être reproduite par
l'addition de calcium aux echantillons predialyse, et que (2)
l'affinite de liaison des proteines plasmatiques pour Ic calcium
n'est pas modifide par l'hemodialyse.
Several investigators have reported changes in
the plasma calcium fractions during hemodialysis
[1—3]. These changes include increases in the dif-
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fusible, ionic, protein.bound, and total calcium con-
tents. Gosling, Robinson, and Sammons [2] postu-
lated that the increase in protein-bound calcium
might be related to an increase in the affinity of
plasma proteins for calcium, perhaps by the remov-
al of an inhibitor of protein binding.
The purpose of this study was to establish wheth-
er hemodialysis is associated with an altered affinity
of protein for calcium. To make certain that an ef-
fect of hemodialysis on binding affinity could be
evaluated independently of other effects of hemo-
dialysis, we(l) established that the amount of hepa-
rin administered during hemodialysis was not asso-
ciated with an alteration in distribution of the cal-
cium fractions in plasma, (2) controlled the pH of all
specimens to eliminate differences in the partition
of calcium that accompany alterations in pH, and
(3) added calcium to the predialysis specimens so
that the effect of increased calcium on protein bind-
ing of calcium could be evaluated independently of
the process of dialysis. We have demonstrated in 12
patients that the increase in protein-bound calcium
associated with hemodialysis can be reproduced by
adding calcium to the predialysis specimens. This
indicates that hemodialysis itself does not alter the
binding affinity of plasma proteins for calcium.
Methods
Apparatus. All hemodialyses were performed
with either Drake Willock Dialysis Systems, model
4019 (Drake Willock Dialysis Systems, Portland,
Oregon 97222) equipped with Travenol 5M1782
Capillary Flow Dialyzers (Artificial Organs Divi-
sion, Travenol Labs, Deerfield, Illinois 60015) or
Received for publication July 21, 1978
and in revised form September 27, 1978.
0085—2538/79/0015-0283 $01.00
© 1979 by the International Society of Nephrology
284 Duncan ci a!
Travenol Hemodialyzer Systems, code 5 M0090,
equipped with Ultra Flo II standard ultrafiltration
dialyzer with Cuprophan membrane (Artificial Or-
gans Division, Travenol Labs). The automated
analyses were done with Auto Analyzer modules:
Fluoronephelometer, Colorimeters, Proportioning
Pumps, Dialyzer II, and Sampler 2 (Technicon
Instrument Corporation, Tarrytown, New York
10591). All pH measurements were done with a Ra-
diometer pH meter 26 with temperature controlled
at 37 10 C (Radiometer, Copenhagen, Denmark).
Reagents. Eri-lyte 120-P, 8308, Hemodialysis
Concentrate (Erika, Inc., Rockleigh, New Jersey
07647) was used with both hemodialysis systems.
Calcium concentration in the dialysis fluids was
1.71 0.16 mmoles/liter.
Methods. Automated procedures for total cal-
cium [4], total protein [5], albumin [6], and dialy-
zable calcium [7] were used as reported or with mi-
nor modifications as appropriate. Heparinized
plasma can he used with these procedures since 25
U/mI heparin does not alter the protein-bound and
dialyzable calcium fractions.
Procedures: (I) Collection and preparation of
specimens. Predialysis specimens were obtained
from the arterial line 10 mm after the patient had
been connected to the dialysis apparatus and hepa-
nfl had been infused. Postdialysis specimens were
collected from the arterial line 6 hours later. Both
the predialysis and postdialysis specimens were
centrifuged and the plasma separated from the
packed cells within 1 hour after collection. Each
specimen was adjusted to a pH of 7.40 0.02 at
37± 10 C by addition of I N hydrochloric acid or 0.1
N sodium hydroxide. Volumes used for the pH ad-
justment were no more than 10 pJ per 6 ml of speci-
men. All analyses were then performed without
delay.
(2) Addition of calcium to predialysis specimens.
An amount of calcium equal to the difference in to-
tal calcium between the postdialysis and predialysis
specimens was added to the predialysis specimen.
Calcium chloride solutions of either 20.0 or 40.0
mmoles/liter were used for this addition. The mean
volume SD added to the 1.0 ml specimen was 15
6 pi; the range was 6 to 30 pi. These volumes were
measured with a variable microliter pipet (Pipetman
P20, Gilson Medical Electronics, Incorporated,
Middleton, Wisconsin 53562).
(3) Calculations. The protein-bound calcium con-
centration was obtained as follows:
Protein bound calcium (PbCa) = total calcium —
dialyzable calcium
To compare the amount of protein-bound calcium in
the individual postdialysis specimens with the pre-
dialysis specimens with added calcium, we cor-
rected the predialysis specimen for the change in
total protein (TP) during hemodialysis according to
the following equation:
D1-r — (DLi TPpotjaysj
- r vaprediaIysis) 'rn
' predialysis
We used the measurement of total protein for this
correction since the globulin protein moieties in
serum participate to some extent in calcium-binding
phenomena [8, 9].
Results
A summary of the analyses performed with sam-
ples from 12 hemodialysis patients is given in Table
1. As anticipated hemodialysis was accompanied by
significant increases in the content of total calcium,
dialyzable calcium, protein-bound calcium, albu-
min, and total protein. The addition of calcium to
the predialysis specimens produced an increase in
the dialyzable calcium values that closely approxi-
mated the increase in dialyzable calcium associated
with hemodialysis. The additional calcium also pro-
duced an increase in protein-bound calcium over
that in the control samples. Even though the pre-
dialysis protein-bound calcium fraction was not sig-
nificantly less than that of the postdialysis speci-
men, we corrected the predialysis values for the
Table!. Summary of results for 12 hemodialysis patientso
Total calcium
mmoles/ljfer
Dialyzable calcium
mmo/es/liter
Protein-bound calcium
minoles/liter
Albumin
g/IOO ml
Total protein
g/lOO ml
Predialysis 2.30 0.09 1.31 0.09 0.98 0.04 3.92 0.05 6.95 0.08
Postdialysis 278 0.06' 1.64 0.040 1.14 003b 4.27 0.08k 7.49 0.110
Predialysis plus calcium 2.73 0.05 1.63 0.05 1.10 0.04
1.18 004d
Values are the mean SEM.
P < 0.001 (paired t test).
P < 0.005 (paired I test).
This is the corrected protein-bound calcium concentration.
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change in protein content after hemodialysis to
compensate for the effect of hemoconcentration.
These corrected values closely approximate the val-
ues observed after hemodialysis. The mean ratio of
protein-bound calcium postdialysis to corrected
protein-bound calcium predialysis with calcium
added was 0.97 0.02 with a range of 0.85 to 1.12.
Discussion
There are several factors which promote an in-
creased content of protein-bound calcium during
hemodialysis. (I) The concentration of calcium in
the dialysis fluid may be greater than that in the pa-
tient. This leads to an increase in diffusable calcium
[3] which will, in turn, promote calcium binding. (2)
Patients undergoing hemodialysis may be acidotic,
and dialysis will tend to increase their plasma pH
[3]. This change in pH tends to promote additional
calcium binding to serum proteins. (3) There is gen-
erally a substantial loss of water during hemo-
dialysis, which results in hemoconcentration of the
plasma constituents. The increased concentration
of plasma protein will also produce an increase in
protein-bound calcium. All three factors were oper-
ative in the 12 patients used in this study.
Since we were interested in examining whether
the alteration in protein-bound calcium was associ-
ated with a change in the affinity of the serum pro-
teins for calcium, it was important to evaluate the
binding of calcium to protein under conditions in
which the effects of these parameters were con-
trolled. This was accomplished by using pH control
to eliminate any alteration in calcium binding due to
variability of pH. Second, we evaluated the effects
of increased calcium on protein binding independ-
ent of the process of dialysis by adding calcium to
the predialysis specimens. Finally, we corrected for
the increase in total protein resulting from hemo-
concentration in the postdialysis specimens. The
close agreement when all three factors are taken in-
to account between the predialysis and postdialysis
protein-bound calcium values indicates the absence
of an effect of dialysis on the affinity of plasma pro-
teins for calcium. Furthermore, Table I shows that
the major increment in calcium in our patient popu-
lation was related to the rise in dialyzable calcium,
and this was approximately twice the rise in pro-
tein-bound calcium that was observed.
This response differs from that observed by
Tamm, Nolph, and Mather [I] who described a
large increase in protein-bound calcium in the ab-
sence of an increase in ionic calcium. These dif-
ferences can be attributed to the lower concentra-
tion of calcium used in their dialysate and measure-
ment of ionic calcium at variable rather than at
constant pH. Since hemodialysis increases plasma
pH, the increased relative binding of calcium that
they observed can be ascribed to the increased
plasma pH.
Our conclusions differ, however, from that of
Gosling, Robinson, and Sammons [2], who sug-
gested that hemodialysis alters the binding affinity
of plasma proteins for calcium. They postulated a
change in the affinity of serum proteins for calcium
after observing that the rise in protein-bound cal-
cium was larger than could be explained by changes
in plasma albumin or blood pH values. In our study,
we used predialysis specimens to control for the ef-
fect of hemodialysis. We feel that the predialysis
specimen provides the most appropriate control for
an evaluation of altered protein binding. The ab-
sence of an effect of hemodialysis in this setting
makes it unlikely that hemodialysis is associated
with an alteration in the affinity of plasma protein
for calcium.
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